Objectives: Spontaneous bacterial peritonitis (SBP) is associated with a high mortality rate. After antibiotic therapy, improvement in fluid polymorphonuclear (PMN) cell count is expected within 2 days. However, our institution recognized cases unresponsive to standard treatment. Methods: To study these recalcitrant cases, we completed a retrospective chart review of patients admitted for SBP to the University of Chicago from 2002 to 2007. SBP was defined by an ascitic PMN cell count 250/ml. Results: Of 55 patients with SBP, 15 did not show improvement in fluid PMN cell count to below 250/ml with standard treatment, leading to a prevalence of 27%. The patients with persistent SBP were younger than those with nonpersistent SBP [mean (SD) 51.80 (9.84) compared with 58.13 (8.79); p ¼ 0.0253]. Persistent SBP had a higher serum ascites albumin gradient (SAAG) [median (Q1, Q3) 1.85 (1.50, 2.41) compared with 1.10 (0.60, 1.60)] and a higher score in the model for end-stage liver disease (MELD) [mean (SD) 27.98 (8.09) compared with 22.22 (8.10)] than nonpersistent SBP patients; p ¼ 0.027 and p ¼ 0.023, respectively. In addition, persistent SBP patients were more likely to have a positive ascitic fluid culture than nonpersistent SBP patients [odds ratio (OR) (95% CI) 4.33 (1.21, 15.47); p ¼ 0.024]. Importantly, in-hospital mortality in the persistent SBP group was 40%, compared with 22.5% in the nonpersistent SBP group [OR ¼ 2.30 (0.64, 8.19); p ¼ 0.20]. Conclusions: The risk of persistent SBP is nearly 40% in patients with MELD score >25, SAAG >1.5 or positive ascitic fluid culture. Furthermore, patients who develop persistent SBP tend to experience a higher mortality rate. This study underscores the importance of further examination of this vulnerable population.
Background and aims
The most frequent infectious complication in patients with cirrhosis of the liver is spontaneous bacterial peritonitis (SBP), occurring with a prevalence of 10-35%, followed by urinary tract infection, pneumonia and bacteremia [Borzio et al. 2001 ]. SBP, first described in 1970, is defined as the presence of an infection of ascitic fluid in the absence of a visceral perforation and intra-abdominal focus of inflammation.
Although it is a common complication of cirrhosis, SBP is also serious. It is now associated with in-hospital mortality rates ranging from 20% to 40% [Thuluvath et al. 2001 ]. Furthermore, mortality rates 1 and 2 years after an episode of SBP are reported to be 50-70% and 70-75%, respectively [Rimola et al. 2000 ]. However, mortality after SBP has been improving, largely owing to early diagnosis and prompt treatment with empiric antibiotics.
The diagnosis of SBP is established by ascitic fluid analysis. The most common marker of infection is an ascites fluid polymorphonuclear (PMN) cell count of 250/ml or more [Runyon, 2009] . In a recent meta-analysis, the negative likelihood ratio for SBP if the PMN cell count was greater than 250/ml was 0.2 [Wong et al. 2008] . Although ascitic fluid culturing is an important diagnostic test, the use of culture results to diagnose SBP would delay therapy, and ascitic fluid culture is negative in as many as 60% of patients [Runyon, 2009] . In addition, culture-negative neutrocytic ascites is generally treated identically to typical SBP, as the natural progression mirrors that for culture-positive neutrocytic ascites [Kim et al. 2010; Lata et al. 2009; Runyon, 2009] .
Several studies document an exponential decline in PMN cell count after initiation of antibiotic therapy [Angeloni et al. 2008; Ljubicic et al. 2000; Fong et al. 1989 ]. Currently, the AASLD guidelines do not recommend repeat paracentesis to confirm improvement in fluid PMN cell count and fluid sterility unless clinically warranted [Runyon, 2009] . Although a response to therapy can be evaluated by clinical criteria, an important parameter remains a dramatic decrease in the ascitic fluid PMN cell count after 2 days of therapy [Caruntu and Benea, 2006; Rimola et al. 2000; Runyon, 1986] . Many clinicians and current guidelines recommend using clinical signs of improvement or a 25-50% decrease in ascitic fluid PMN cell count after 2 days of antibiotic treatment to document response to therapy [EASL, 2010; Runyon, 2009; Tandon and Garcia-Tsao, 2008] . However, small studies reveal that the failure of the PMN cell count to drop below 250/ml results in higher mortality and higher recurrence rates of SBP [Castellote et al. 2010; Angeloni et al. 2008; Cereto et al. 2008; Cho et al. 2007; Ljubicic et al. 2000; Fong et al. 1989 ]. Importantly, we have not been able to identify any studies that further examined these persistent cases. At our institution, despite adherence to established diagnostic and therapeutic guidelines, anecdotal experience points to emerging cases of SBP that do not respond to initial treatment. It was our goal to study these resistant cases of SBP. We hypothesized that the patients who experience persistent SBP possess predisposing characteristics that increase their likelihood of developing a recalcitrant infection that is more likely to result in death than typical SBP. Identification of these characteristics would prompt more vigilance on the part of the clinician and may lead to a better clinical outcome for the patient.
Methods

Study population and design
The study was performed with the approval of the Institutional Review Board. All patients, 18 years or older, with ascites from chronic liver disease, who were admitted to the University of Chicago Medical Center between 1 January 2002 and 31 July 2007 were identified from a billing database, utilizing the ICD-9 diagnosis codes for peritonitis or for the procedure code for paracentesis. Those who were suspected to have secondary peritonitis were excluded from the study. SBP was defined by an ascitic PMN cell count >250/ml, with or without a positive fluid culture. In the subset of patients with SBP, persistent cases were defined by continued PMN cell count >250/ml on repeat paracentesis after 2 days of antibiotic therapy. Demographics and clinical features were recorded, including peritoneal fluid characteristics; hepatic and renal function at time of diagnosis; time interval from initial paracentesis to receiving antibiotics, albumin and undergoing repeat paracentesis; antibiotic choices; concomitant variceal hemorrhage; use of prophylactic antibiotics; HIV infection or immunocompromised status; model for endstage liver disease (MELD) score; and survival to the end of the hospitalization.
Statistical methods
We analyzed data from the first episode of SBP in the study population. With SAS System software (version 9.2, Cary, NC, USA), two-sample t-tests, Wilcoxon rank-sum tests, and logistic regression models were used to determine whether persistent SBP patients differed from nonpersistent SBP patients with respect to clinically relevant measures and outcomes. All hypothesis tests were two-sided and performed at the customary a ¼ 0.05 level.
Results
Of 841 patients initially screened we identified 58 episodes of SBP among 55 patients, and data from the first episode for each patient were included in the study. A total of 37 patients had a repeat paracentesis a mean (SD) of 70.35 (21.47) hours from the initial paracentesis. At the time of repeat paracentesis, 15 patients continued to have a fluid PMN cell count >250/ml. In these 15 patients, secondary peritonitis was excluded by imaging studies in all patients with abdominal computed tomography scans. A total of 22 patients had fluid PMN cell counts <250/ml, and the remaining 18 patients did not undergo repeat paracentesis because of clinical improvement and were considered nonpersistent. Therefore, the prevalence of persistent SBP was measured to be at least 27% in our study population.
Demographic and clinical data for the study population are summarized in Table 1 . The average age of the study group was 56 years, with patients being predominantly male. Most patients were either African American or White. The most common cause of ascites was hepatitis C cirrhosis with and without concomitant alcoholic liver disease. Peritoneal fluid culture was positive in 40% of all cases, with a higher prevalence of Gram-negative than Gram-positive infections. The most common Gram-negative isolate was Escherichia coli, and the most common Grampositive isolates were streptococcal and enterococcal species. The median fluid PMN cell count on initial paracentesis was 773/ml, and on repeat paracentesis was 127.6/ml. Of the 55 patients, three were on immunosuppressive medications (combinations of tacrolimus, mycophenolate mofetil and/or prednisone post-liver transplant), three had AIDS (CD4 cell counts of 9, 28, 101/ml), eight patients experienced gastrointestinal hemorrhage, and five were already on antibiotics at the time of diagnosis of SBP (Table 1) . Importantly, 14 of the 15 patients with persistent SBP had no prior documentation of SBP in their medical history, making their first episode of SBP a persistent case.
Of the continuous variables analyzed (Table 2) , patients with persistent SBP were younger, and had lower mean ascites albumin and higher median serum ascites albumin gradient (SAAG) than patients with typical SBP. Furthermore, patients with persistent SBP had a higher mean MELD score than those with typical SBP. The mean PMN cell count at initial paracentesis was not statistically different between the two groups. At the time of repeat paracentesis, however, of the 15 patients with persistent SBP, six experienced a greater than 25% decrease in ascitic fluid PMN cell count after 2 days of antibiotic treatment and eight actually experienced a rise in their fluid PMN cell count on repeat paracentesis. All patients in the nonpersistent group showed a decrease in the PMN cell count on repeat paracentesis (Table 2, Figure 1 ). Other variables such as age, ascitic fluid glucose and lactate dehydrogenase (LDH), serum sodium, creatinine, and international normalized ratio (INR) were not statistically different between the two groups. However, some of these values were not assessed by the clinician for all patients (n ¼ 24 for ascites glucose and n ¼ 32 for ascites LDH), and a significant difference may have been missed owing to inadequate statistical power.
In the set of categorical variables (Table 3) , persistent SBP patients were more likely to have a positive culture result from the initial paracentesis sample than nonpersistent SBP patients. Other variables, including cause of ascites, antibiotics at time of diagnosis, immunocompromised status, incidence of gastrointestinal hemorrhage, Gram-stain positivity, treatment with a third-generation cephalosporin or a fluoroquinolone, and albumin infusion after diagnosis were not significantly different between the two groups. Comparing the resistance pattern of organisms cultured between the two groups, there was no significant difference in rates of infection with a resistant organism between the persistent and nonpersistent groups. Furthermore, it is unlikely that patients with persistent SBP did not clear their peritonitis owing to failure of initial therapy, as patients in both groups received appropriate empiric antibiotics. All patients with persistent SBP had changes in their antibiotic regimen after repeat paracentesis, most commonly broadening of antibacterial coverage (i.e. change of initial antibiotic to imipenem or piperacillin/tazobactam, addition of linezolid or metronidazole) and/or addition of an antifungal agent.
Importantly, all-cause in-hospital mortality in patients with persistent SBP was 40%, compared with 22.5% in those with nonpersistent SBP [OR ¼ 2.30 (0.64, 8.19) , p ¼ 0.20]. Although we are limited by our small study numbers, and this difference was not statistically significant, this trend is an ominous finding for patients with persistent SBP. Cause of death in patients from both groups was most commonly septic shock with multiorgan failure or hepatic failure and its complications. Septic shock with multiorgan failure was the most common cause of death in the persistent SBP group, while hepatic failure and cardiac arrest of primary cardiac etiology were the most common cause of death in the nonpersistent group.
Discussion
Our study of patients with SBP has identified a set of vulnerable patients who experience recalcitrant infection. These persistent cases have not been previously investigated in the literature.
Although there has been a dramatic improvement in the clinical outcome of patients with SBP over the past 20 years, with a drastic decrease in SBP-associated mortality, recent studies still document high in-hospital mortality rates for this common complication [Lata et al. 2009; Tandon and Garcia-Tsao, 2008] . Previous studies have documented that not all patients show improvement in their fluid PMN count at 2 days, and have linked this lack of improvement to higher mortality and recurrence rates. Ljubicic and colleagues showed that a higher recurrence rate was associated with an ascitic fluid PMN cell count greater than 250/ml at 2 days in 62.5% of his study population [Ljubicic et al. 2000 ]. Fong and colleagues completed a prospective study to document serial ascitic fluid PMN cell (2), giant-cell hepatitis (1), biliary obstruction (1). z Median (Q1, Q3). ô Antibiotic regimens: ciprofloxacin weekly for prophylaxis of spontaneous bacterial peritonitis (SBP) (1), ciprofloxacin weekly for SBP prophylaxis and metronidazole for extraperitoneal infection (1), trimethoprim and sulfamethoxazole prophylaxis for patient with HIV (1). Other antibiotic regimens for extraperitoneal infections included dapsone/trimethoprim and sulfamethoxazole/ampicillin (1), vancomycin/cefepime (1). § Gram stain not performed on 12 (21.81) patients. ** Peritoneal fluid culture was negative in 31 (56.36%) patients and not performed on 2 (3.63%) patients. Fluid culture was multi-organismal in 3 (5.45%) patients. count and showed a 92% mean reduction in survivors and a 66% mean reduction in nonsurvivors (p 0.01) within 2 days [Fong et al. 1989 ]. Cho and coworkers documented that 12.2% of patients (23/189 patients) with SBP did not become culture negative after 48-72 h of appropriate antibiotic therapy. They also found on further analysis that lack of microbiological response was an independent risk factor for higher SBPrelated mortality [Cho et al. 2007 ]. In our study population, 38% of patients continued to have an ascitic PMN cell count greater than 250/ml after 2 days of therapy.
We chose to define persistent SBP cases using a repeat ascitic fluid PMN cell count >250/ml after 2 days of antibiotic therapy rather than determining a percentage reduction in PMN cell count to less than 25% or 50%, as previous studies showed a very high mortality rate associated with the failure of the PMN cell count to drop below 250/ml [Castellote et al. 2010; Angeloni et al. 2008; Ljubicic et al. 2000; Fong et al. 1989 ]. This clinical distinction is also supported by our data. In our patient population, of the 15 patients who died, the same number of patients had more than a 50% drop in the PMN cell count (n ¼ 4) as those who had a drop of less than 50% or a rise in PMN cell count (n ¼ 4). Therefore, it is unsafe to assume resolution of SBP when PMN cell count only drops by 50% or less by the time of repeat assessment, as this is not sufficient to identify those patients at higher risk of death.
There is a large body of literature describing the many clinical characteristics that predict a poor prognosis for patients after developing SBP. These include, but are not limited to, advanced age [Nobre et al. 2008; Thuluvath et al. 2001 ], poor hepatic function as measured by a higher MELD score [Nobre et al. 2008; Obstein et al. 2007] , concomitant gastrointestinal bleeding [Borzio et al. 2001; Deschenes and Villeneuve, 1999; Bleichner et al. 1986 ], low ascitic protein content [Runyon, 1986] , low serum albumin concentration [Deschenes and Villeneuve, 1999] , renal dysfunction [Sort et al. 1999; Follo et al. 1994; Llovet et al. 1993] , hyponatremia [Angeli et al. 2006; Llovet et al. 1993] , and HIV infection [Shaw et al. 2006 ].
In our group of patients with persistent SBP and nonpersistent SBP, many of these known markers of poor prognosis were not more likely to be present in those patients with persistent SBP. Specifically, patients with persistent SBP were younger than those with nonpersistent SBP. They also had similar causes for their liver disease and ascites. A majority of patients had not had a prior episode of SBP. Hyponatremia and renal dysfunction, as measured by serum creatinine, did not correlate with the development of persistent SBP in our study population. Patients with persistent SBP were also not more likely to have HIV infection and be immunocompromised. Finally, concomitant variceal bleeding did not predispose patients to persistent SBP.
There were only three clinically important characteristics available at the time of diagnosis of SBP that differed between patients with persistent SBP and typical SBP: lower ascites albumin level, higher SAAG, and higher MELD score indicating lower protein ascites and increased severity of liver disease in patients with persistent Appropriate antibiotic administration was defined as treatment with a third-generation cephalosporin or fluoroquinolone. # An antibiotic regimen was considered ineffective if the organism ultimately cultured was resistant to any part of the initial antibiotic regimen. § In-hospital mortality was defined as death from any cause during the hospitalization.
Therapeutic Advances in Gastroenterology 5 (5) SBP than in those with nonpersistent SBP. In addition, although culture results are not available when SBP is initially diagnosed, they are typically available at the time when patients are being assessed for response to empiric antibiotic therapy. We document that patients with persistent SBP were twice as likely to have a positive ascitic fluid culture (32% in the nonpersistent group compared with 67% in the persistent group).
Based on our current understanding of the pathophysiology of SBP, many of these results are not surprising. It is well known that patients with cirrhosis are at risk of intestinal bacterial overgrowth and have increased intestinal permeability, leading to translocation of intestinal bacteria, bacterial DNA and endotoxins from the intestinal lumen to the peritoneal space [Caruntu and Benea, 2006 ]. In combination with an impaired immunologic response, these factors allow for bacterial translocation into the systemic circulation, leading to bacteremia and subsequent infection of the ascitic fluid [Ramachandran and Balasubramanian, 2001] . We would hypothesize that patients with persistent SBP, who are also likely to have increased severity of their liver disease as indicated by their higher MELD scores, are more likely to develop infection of their ascites and subsequently to have an inadequate immune response, leading to higher culture-positive rates with poor clearance of the infection. Furthermore, regardless of the severity of liver disease, those with lower ascitic fluid protein levels, as indicated by lower ascites albumin and higher SAAG, are also less likely to mount a satisfactory immune response.
As this was a retrospective study, there are several potential limitations. We relied on nursing and physician documentation for data such as timing of initial and follow-up paracentesis, time to administration of antibiotics and albumin, diagnosis of gastrointestinal bleeding, and use of prophylactic antibiotics and immunosuppressive medications. We are not able to control for confounders and cannot definitively comment on causes of the differences between the two groups of patients. Furthermore, our statistical analysis and results are limited by the small study population.
With these limitations, we show that patients with persistent SBP had an in-hospital mortality rate almost twice that of patients who had begun to clear their infection at the time of repeat paracentesis: 40% compared with 22.5%. Furthermore, there are only few clinical measures that would aid clinicians in predicting whether patients will have persistent SBP. In addition, this persistent peritonitis is often the first episode of SBP for the patient with ascites, and is not a phenomenon resulting from repeated infections.
In conclusion, based on our findings, the current standard-of-care measures, such as early diagnostic paracentesis with prompt fluid PMN cell count analysis, empiric antibiotics, and albumin infusion, are not sufficient to overcome the risk of mortality in this vulnerable patient population. From our results, about 40% of patients with a MELD score >25 or SAAG >1.3 or a positive fluid culture developed persistent SBP. These parameters can be used to identify those patients at risk for a recalcitrant episode of SBP. In these patients, further clinical vigilance and follow-up paracentesis at 2 days to verify clinical response is necessary. In addition, at the time of repeat paracentesis, if the ascitic PMN cell count has not dropped below 250/ml, a prompt and aggressive a change in clinical management is required, regardless of other clinical features of the case. Although earlier identification of this group with the above guidelines may improve clinical outcomes, a better understanding of the reasons why these patients develop a more recalcitrant infection is necessary to decrease the significantly higher mortality rate associated with this condition. Prospective studies are needed to confirm our findings, to further explore the factors that predict treatment failure, and to investigate potential therapeutic measures for patients with persistent SBP.
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